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Method for the Production of a Fibrous Web 
5 from Cellulose Fibers in a Draining Process 



The invention relates to a method for the productionof a fibrous web from cellulose fibers 
having absorbing properties in a draining process. Moreover, the invention relates to a 
10 fibrous web which is produced according to the aforementioned method. 

Fibrous webs according to the invention should be suitable for the productionof hygiene 
articles, in particular for incontinence articles, disposable diapers, panty liners or sanitary 
napkins, whereby they essentially serve as absorbing core for the aforementioned hygiene 
15 articles. Absorbent liners for food packages are a further use. Further applications in 
which the use of cellulose fibers is important while avoiding other fibrous material are 
known to an expert in the field. 

The production of fibrous webs from cellulose fibers in draining processes in which, unlike 
20 in the wetting process, the fibers are placed on a conveyor belt in an air current and 
compacted by press rolls has been known for many years. 

Cellulose fibers that can be used for hygiene products include, in particular, so-called "fluff 
pulp" fibers which are obtained from northern softwood or from American southern pine. 

25 The average fiber length of cellulose fibers of this type is about 2.4 - 2.8 mm. The 
absorbency of the loosely compacted dry fibers is about 10 - 12 g liquid per gram fibers. 
Corresponding data is found in WO 9316228 (Norlander), Table 2, for untreated reference 
material or in WO 8804704 (Graef), Table 7. It is known to insert further absorbing 
material into the fiber matrix; in particular, in this connection, so-called superabsorbent 

30 polymers (SAP) are known that have an absorbing capacity that is substantially greater 
than 10 g liquid per gram polymers, which are also produced in a fibrous form (SAF = 
superabsorbent fibers). 
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The US Patent 3,692,622 describes an absorbent fiber bond in the form of a cellulose fibrous 
web for producing paper towels, whereby the web is provided with a predetermined 
embossed pattern. The fibrous web is a continuum of drained, essentially unbound fibers 
having a length of less than 1.27 cm which are interconnected to form a coherent web by 
5 embossings, which cover 5 to 40% of the web surface and have a smaller distance from one 
another than corresponds to the length of the individual fibers, such that the thickness in 
the non-embossed areas is at least 2.5 times as great as in the embossed areas. 

In fibrous webs which consist exclusively of cellulose fibers, it is a problem to bring the 
10 absorbency to a high level and, at the same time, keep the formation of dust low. It is in 
fact known to produce fibrous webs having fusible S5mthetic fibers, also so-called 
bicomponent fibers, and to provide them with a low dust content. However, the partial 
object of the invention is to dispense with synthetic fiber admixtures of this type. Rather, 
a fibrous web produced from cellulose fibers should be obtained in which the dust due to 
15 fluff, the so-called dust range, is below 0.1% of the starting web. The use of latex binders 
should thereby be maintained at a low level, i.e. the areal weight in the dry state should be 
in the range of less than 5 g/m^. 

This object, i.e. in particular the prevention of the fiber dust "linting", is solved by a method 
20 for the production of a fibrous web from cellulose fibers having absorbing properties in 
a draining process comprising the following procedural steps: 

forming an essentially uniform dry fiber layer from loose fibers having a low 
moisture content that is in the range of residual moisture, 

25 

pressing and embossing the fiber layer to obtain a fibrous web and form an 
embossed pattern with compact fiber bond zones in which the fibers are essentially 
interconnected while self-bonding, 
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moistening the fibrous web with a water-latex mixture having a high water 
concentration on at least one of the outer zones, 

precipitating the latex in a drying process while bonding the fibers inside and 
5 outside the fiber bond zones. 

The "fluff pulp" fibers sold by manufacturers such as Weyerhaeuser or Tartas are suitable 
as cellulose fibers, which are delivered in compact rolls and are again treated to obtain a 
fibrous wadding and individual fibers by means of hammer mills. The fiber lengths of the 
1 0 fibers to be processed into the form of fibrous webs is, depending on the starting material, 
in the order of 2.0 to 3.0 mm, preferably 2.3 to 2.8 mm. 

The use of latex to bind fibers is fundamentally known. Generally, latex is only used to 
obtain a binding of unembossed cellulose fiber webs. However, it was shown that by 
15 forming an embossed pattern with compacted fiber bond zones, in which the fibers are 
essentially interconnected by self-bonding, together with a latex bond present in the outer 
regions of the fibrous web is sufficient to substantially suppress the fiber dusts, also called 
"linting" or fluff. The term "residual moisture" refers to the natural moisture in the cellulose 
fibers after their production. 

20 

The term "self bonding" is to refer to the tendency known in cellulose fibers to enter into 
a bonding under high pressure and without moisture that is previously supplied. 

A water-latex mixture with a preferably high water content being applied after the 
25 pressing process contributes to the further solidification, whereby a mixture of 90 to 99% 
by weight water with an addition of 10 to 1% by weight latex is generally used. The 
amount of the water applied is important since the water, when it evaporates, produces 
hydrogen bonds between the cellulose fibers. 



Page 3 of 21 



The pressing and embossing of the fiber layer takes place in a press-roll arrangement. 
Preferably, at least one of the rolls is a toothed roll. In this case, the line pressure to be 
applied depends on the mass per unit area which the fiber layer forms; preferably, the 
pressures are in the range of 30 N/ mm to 120 N/ mm. 

5 

A negative pressure applied to the fibrous web covers the fibrous web, so that the 
penetration can be controlled during and/ or after moistening the fibrous web with the 
water-latex mixture. Depending on the pulp fibers used and their average fiber length 
and /or areal weight of the fibrous web, a different penetration depth is required. 

10 

To increase the absorbency, fibers or granules of superabsorbent polymers (so-called SAP) 
are added to the fiber layer or the fibrous web prior to pressing and embossing. The 
superabsorbent polymers can be mixed with the fibers to be deposited or inserted into the 
fiber layer to obtain a layer formation. 

15 

Hydrogel-forming polymers are especially suitable as SAP, said hydrogel-forming 
polymers being alkali metal salts of the following organic acids: polyacrylic add), 
polymethacrylic add); copolymers of acrylic add and methacrylic add with acryUc amide, 
vinyl alcohol, acrylic ester, vinyl pyrrolidone, vinyl sulfonic adds, vinyl acetate, vinyl 

20 morpholinone and vinyl ethers; hydrolyzed, modified starches; malein anhydride 
copolymers with ethylene, isobutylenes, styrene and vinyl; polysaccharides, such as 
carboxymethyl starches, carboxymethyl cellulose and hydroxypropyl cellulose; polyacryl 
amides; polyvinyl pyrrolidone; polyvinyl morpholinone; polyvinyl pyridine; copolymers 
and mixtures of the preceding substances. The hydrogel-forming polymers are preferably 

25 cross-linked so that they become insoluble in water. In particular, a slightiy cross-linked 
poly-Na-acrylate is used. The cross-linking can be induced by irradiation or produced by 
covalent, ionic or van der Waals forces and by a hydrogen bond. The superabsorbent 
pol5nners can be added in any form desired for the respective type of processing, i.e. e.g. 
as granules, in fiber form, as fiber groups (filaments), in flocculent form, as beads, rod- 
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shaped or the like. 

The density of the fiber bond zones depends on the required tensile strength. Usually, 16 
to 49 compressed fiber bond zones per cm^ are inserted into the fibrous web. 

5 

Preferably, the compressed fiber bond zones thereby cover a surface of 0.03 to 1 mm^ 
each. 

The water-latexmixture can be applied with aid of roll moistening or by spraying onto the 
10 fibrous web. The water can be dried for the precipitation of the latex with aid of radiant 
heat or by means of blowing warm air through the fibrous web. 

The substances common in the airlaid industry can, for example, be used as latices. An 
example of this is an ethylene vinyl acetate emulsion which is available under the trade 
15 name AIRFLEX (Manufacturer Air Products and Chemicals Inc., Allentown, USA). 
Biologically degradable latices, in particular a starch-based latex, can also be used. If, in 
addition, the superabsorbent polymer is also produced on a biologically degradable base, 
then the fibrous web can be degraded in a composting step after use. 

20 Special attention is also directed to the latex. It can be set from the start by appropriate 
devices in such a way that it has a hydrophilic or hydrophobic property after the 
precipitation and bonding of the fibrous web. Different latices can be used thereby for the 
opposite sides of the fibrous web. For example, for a diaper, a hydrophobic fibrous web 
is used on the side facing away from the body, while a hydrophilic setting is selected for 

2 5 the side facing the body. 

The invention also relates to a fibrous web produced with a low latex bond liner in which 
the degree of dust is less than 0.1%, measured according to a standardized method. 
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A standardized method for determining the dust content in fibrous webs, as used at 
CONCERT GmbH, is shown as follows: 

Equipment used: 

5 

A dust testing device with a transparent, sealed chamber, having a rotating disk with two 
vertical rods, mounting clamps for samples, motor with a rotational speed of 150 U/min, 
timer, polyester film to support the samples; table sample cutter; short-term alarm clock; 
laboratory gloves and anal5^cal balance AG 204 from METTLER. 
1 0 Test conditions: 

The samples used for the measurement should be studied under the following ambient 
conditions: 

15 Room temperature 23 degress Celsius ± 2'*C 

Relative humidity 50% ± 2% 

Principle of the determination: 

20 The samples to be determined are damped into the testing device and beat there for a 
defined period of time (shaking off the dust). The dust loss is determined by weighing the 
difference of the sample before and after the procedure and the dust content calculated in 
percent therefrom. 

25 Carrying out the determination: 

a) Preparation of the sample: 



Samples for measuring the dust must be adapted to the aforementioned room conditions 
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for two hours in the laboratory prior to the determination. Since the samples are 
hygroscopic and absorb moisture, they should, if possible, be handled with gloves to avoid 
affecting the results of the analysis. 



b) Carrying out the dust determination in SAP-free airlaid types: 

aa) Two samples each are cut from the correspondingsample position to 1 25mm 
X slit width ( = 1 sample unit) for an analysis, also a piece of polyester film of 
equal size. 

bb) The sample unit is accurately weighed to 0.0001 g on the analytical balance 
after a stabilization time of 20 seconds (short-term alarm clock). 

cc) The sample unit should then be inserted in a clamp in the dust testing device 
as follows: Both samples are to be put together congruently with the 
supposedly dustier sides outward, the supporting polyster film is placed on 
top or behind. This unit is to be mounted in the clamp about 4 to 5 cm on the 
short sides (the remainder protrudes upward) until the rods of the rotating 
disk hit the sample unit in the middle. For this purpose, the chamber door 
should be opened and subsequently closed again. 

dd) Starting the dust tester with the switch to the right (clockwise) or to the left 
(counterclockwise), so that the sample (not the film) is struck first. The 
device runs at a speed of about 150 U/min and has a timer which 
automatically shuts the device off after one minute. During this time, the 
sample is struck about 300 times, so that any dust present falls off. 

ee) After a minute, the sample is turned and mounted in the clamp with the 
other side. The samples are also turned thereby (the outside becomes the 
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inside) and the side is changed in the fihn (in front of the samples, behind the 
samples). The device is then started for a further minute, but always in the 
opposite direction. 

ff) The sample unit is then again balanced to 0.0001 g. The scales should thereby 
be stabilized for exactly 20 seconds. 

Carrying out the dust determination in SAP-containing airlaid types 

aaa) A sample is cut from the corresponding sample position to 125mm x slit 
width for an analysis, also a piece of polyester film of equal size. 

bbb) The sample unit is accurately weighed to 0.0001 g on the analytical balance 
after a stabilization time of about three minutes (short-term alarm clock). 

ccc) The sample unit should then be inserted into a clamp in the dust testing 
device as follows: Both samples are to be put together congruently with the 
supposedly dustier sides outward, the supporting polyster film is placed on 
top or behind. This unit is to be mounted in the damp about 4 to 5 cm on the 
short sides (the remainder protrudes upward) until the rods of the rotating 
disk strike the sample unit in the middle. For this purpose, the chamber 
door should be opened and subsequently closed again. 

ddd) Starting the dust tester with the switch to the right (clockwise) or to the left 
(counterclockwise), so that the sample (not the film) is struck first. The 
device runs at a speed of about 150 U/min and has a timer which 
automatically shuts the device off after one minute. During this time, the 
sample is struck about 300 times, so that any dust present falls off. 
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eee) After a minute, the sample is turned and inserted in the damp with the other 
side. The samples are also turned thereby (the outside becomes the inside) 
and the side is changed in the film (in front of the samples, behind the 
samples). The device is then started for a further minute, but always in the 
5 opposite direction. 

f f f) The sample unit is then again balanced to 0.0001 g. The scales should thereby 
be stabilized for exactly three minutes. 

10 Each analysis is performed as a double determination, in that both clamps in the dust 
testing device are used with two similar samples (sample imits) in each case. 

The dust shaken off in the testing device should be removed at least after every fourth 
analysis. 

15 

Calculation: 

Dust(%) = (A-B)*100/A 

20 A = weight of the sample before the test 

B = weight of the sample after the test 

The average values are to be calculated from the double determination. 

25 An embodiment of the procedural sequence is described with reference to Fi gure 1 . 

Cellulose fibers 10 having an average fiber length of 2.4 mm are continuously deposited 
by a hammer mill (not shown) by a first former 1.1 onto a conveyor belt 3 as loose fleece 
11, so that a layer of tangled cellulose fibers is produced. This layer is still xmcompressed 
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to a large extent. A further preformed cellulose fiber layer is deposited by the former 1.2 
as a layer. Finally, a third layer is placed on by the former 1.3. The individual fiber layers 
may also comprise different fibers and varying fiber densities. Moreover, it is possible to 
add superabsorbent polymers to the fibers to increase the absorption capacity. These are 
5 commercial products which have been used in the hygiene field for some time and which 
have already been described. The addition in layer sequence takes place via the supply 
bins 2.1 and 2.2 However, the superabsorbent polymer may also be added to the fibers 
homogeneously prior to the sprinkling. 

10 The moisture content of the fiber-SAP mixture is given solely by the so-called residual 
moisture. In natural fibers, as they are used here, the residual moisture is at about 6 to 10% 
by weight. In the embodiment described, sodium polyacrylate in cross-linked form is used 
as SAP, as they are currently available on the market under the trade name Favor, 
Manufacturer Stockhausen GmbH & Co. KG, in particular for hygiene articles. 

15 

A precompression and conveyance to a pair of rolls 5 takes place via a conveying device 
4, called "web transfer", said pair of rolls consisting of an embossing roll 5.1 and a 
smoothing roll 5.2 adjusted to it. The two rolls are aligned horizontally to one another. 
The former conveyor is not led through the rolls. The material of the rolls is steel. 

20 

The embossing roll 5.1 has embossing teeth which have comparatively steep flanks. The 
height of the teeth is between 0.3 and 1.0 mm. A high line pressure between the two 
pressure rolls ensures differences in height between the unembossed and embossed areas 
of at least 1 : 8, preferably at least 1 : 10. Depending on the areal weight of the fiber layer, 
25 different pressures are thereby required. 

The embossing zones assume about 8 to 40% of the entire web surface. Surface parts that 
are too large disadvantageously affect the absorbency, while surface parts that are too 
small reduce the tensile strength to such an extent that it is no longer sufficient A tensile 
strength of at least 15 N per 50 mm web width is strived for in the web. 
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In addition to the surface portion of the overall bond zone, the bond density is also 
important which should comprise the fiber bond zones distributed in a regular surface 
pattern. The distances between the individual bond zones should be less than the average 
5 fiber length. 16 to 49 compressed fiber bond zones per cm^ were shown to be an 
advantageous value range. 

During compression in the bond zones, a sufficient pressure must be produced so that the 
fibers in the individual bond zones can form a self-bond. With fiber layers in the range of 
10 500 g/m^ the required line pressure is about 40 N/mm; with fiber layers in the range of 
150 g/m^ the pressure is at 110 N/mm. 

The fibrous web receives a high tensile strength and integrity due to the compression 
performed, i.e. a delamination does not occur since a high cohesion is observed in Z 
15 direction of the fibrous web. 

The embossed fibrous web is then sprayed with a water-latex mixture via a liquid spray 
device 6.1. In the embodiment, the water-latex mixture contains 96% water and 4% latex 
(% by weight). These values are to be varied according to expert opinion dependent on 

20 the type of latex used and the type of fiber and fiber compression. In addition, the high 
water content promotes the bond if the water is evaporated, as is known from paper 
production from fibers. Furthermore, it is significantthat the latex only penetrates into the 
outer zone of the fibrous web due to the high water content in the applied water-latex 
mixture and due to the filtering effect of the fibrous web and that a latex bond thus only 

25 occurs for the fiber zones on the outside. The water penetrates deeper into the fibrous 
web and ensures a formation of the aforementioned bond. 



To control the penetration of the water-latex mixture, a suction device 16.1 is situated 
below the conveyer belt 13, whereby various penetration depths can be produced by 
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setting the negative pressure. 

A synthetic polymer is used as latex, namely an ethylene vinylacetate copolymer as an 
aqueous emulsion which has self-crosslinking groups (e.g. AIRFLEX; Manufacturer Air- 
5 Products and Chemical, Allentown, PA, USA). Depending on the cohesion of the fibrous 
web, 1 to 5 grams latex in the dry state are sufficient per square meter. 

The water is dried by a combined infrared/ warm air drier 7.1. The fibrous web is then 
turned and optionally also sprayed with a water-latex mixture from the back (Reference 
10 No. 6.2). In this case also, the penetration depth can be affected by a suction device 16.2. 
A further drier 7.2 is also provided. This is followed by winding up and packaging in the 
usual manner via a winding device 8, 9. 

After the drying, precipitation and cross-linking of the latex, almost no further dust 
15 formation due to fibers, fiber scraps, SAP granules and dust which emerge from the fiber 
zone is observed. In addition, the furnishing with latex facilitates a flexible behaviour of 
the fibrous web that tends to crease so greatly, as is desired especially for the zigzag 
placement of the fibrous web, whereby this is required for a space-saving form of 
packaging. 

20 In comparison to similar products found on the market, the dust formation is reduced by 
90% and more. 

Fig. 2 shows dark and light zones of a fibrous structure in an elevenfold enlargement, as 
is produced for a fibrous web according to the invention following the operational steps. 
25 The dark zones 20 are the impressions of the toothed rolls and, at the same time, zones 
in which latex, which is dark-coloured here, appears on the surface. It can be seen that a 
plane, non-continuous wetting is produced by latex. The wetting is per se coherent, 
however, not continuous for certain surfaces that lie parallel to the upper side, so that a 
good absorbency of the fibrous web is preserved. The compressed fiber bond zones 10, 
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in which the thickness of the fibrous web is substantially reduced, can also be seen. 



Figures 3 and 4 show screen-microscopic photographs of the bond zones 20 from which 
the self-bonding of the fibers can be seen which are squeezed by the high pressure of the 
5 rolls. Figure 3 has a fif tyf old enlargement and shows the total pressure point, whereas Fig. 
4 only shows a part of a bond zone with a 500-fold enlargement. 

The fibers used in the experiments are so-called fluff pulp (from Weyerhaeuser or Tartas). 
Similar pictures result with the use of other natural fibers, such as cotton or chemically, 
10 thermically or mechanically modified cellulose which can also be used. The use of 
superabsorbent polymers can also be omitted. 

To compare the dust separation "linting" with other products, comparative tests were 
conducted. A fibrous web VE 150.200 (withoutSAP) was compared with a fibrous web VE 
15 150.202 (with SAP) as well as with two fibrous webs from absorption cores of cellulose 
airlaid material which were removed from underwear liners, so-called panty liners. The 
following table shows the test results: 



20 



25 
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VE 150.200 


VE 150.202 


Compar. 1 


Compar. 2 


Areal weight in 


150 


150 


250 


200 


SAP content 
(%) 


0 


15 


23 


30 


Dust content 
(%) 


0.0541 


0.0782 


0.898 


0.311 



Table 1 



As can be seen in the table, a low degree of dust development is obtained in the samples 
5 produced according to the invention. 

Even in the case where synthetic polymers are used as latex, it is still possible to obtain a 
compostability due to the low content of these pol5aners. Of course, this also depends on 
the type of superabsorbent polymer used. However, it is also possible in this case to use 
10 SAP that is compostable (trade name: Lysorb and Sorbfresh (especially suitable for food 
absorbing liners. Manufacturer Lysac Technologies Inc., Canada). 

The tensile strength according to the measuring method ED ANA 20.02.89 is about 20 N per 
50 mm web width after drying, whereby a part of the strength can be attributed to the 
1 5 latex coating. Aqueous emulsions with vinyl acetate, acrylic ester polymers, ethylene vinyl 
acetate copolymers, styrene butadiene caproxylate copolymers and polyacryl nitrile are 
suitable as latices. Starch-based latices (e.g.: StructureCote of Vinamul-Polymers) are used 
as degradable latices. 

The end product has a tensile strength that makes it suitable for use in hygiene products. 

20 In comparative tests according to the following Table 2, it was moreover ascertained that 
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a slight back- wetting (wetback) occurs when wetting with a 7 ml sodium chloride solution 
having 0.9% by weight salt content and difhision on a surface with 200 cm^. Airlaid hybrid 
products in which the cellulose fibers are bound with molten bicomponent fibers and have 
a latex spray layer, showed a high back-wetting. The improved moisture absorption of the 



5 products produced according to the invention is obviously due to the non-continuous 
wetting by the bonding latex. 





Ve. 

150.200 


150.202 


A 

A 

150 g/m^ 


t> 

185 g/m^ 


150 g/m^ 


Bonding 


Accdg. to 
in- 
vention 


Accdg. to 
in- 
vention 


Hybrid 


Hybrid 


Hybrid 


SAP 

content % 


0 


15 


15 


10 


20 


Back- 
wetting 
in grams 


0.0108 


0.0116 


0.0817 


0.168 


0.0536 



Table 2 



10 Further examples of applications can be found in the following Table 3 which shows 
examples of mixtures for specific applications. It should thereby be stressed that the latex 
constituent at higher areal weights is reduced, while the water constituent used remains 
the same in relation to the dried end product. This is realized by a stronger dilution of the 
latex-water mixture. For example, a latex-water mixture of 6 to 8% by weight latex can be 

15 used with 92 to 94% by weight water in the version (see Table 3) with an areal weight of 

120 g/m^. In the fibrous web having an areal weight of 500 g/m^ a dispersion with 2 to 
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4 % by weight latex can be sprayed on. The amount of the water applied is important 
since, when it evaporates, the water produces hydrogen bonds between the cellulose 
fibers. 



Examples of 
applications 


Areal 
weight in 

(after 
drying) 


Fibers 
(fluff pulp) 


SAP, 

preferably in 
form of SAF* 


Latex 






% g/m^ 


% g/m^ 


% g/m^ 


Underwear 
liners, 

food-absorbent 
liners 


120 


82 98.4 


15 18 


3 3.6 


Thin hygiene 
absorbent liners; 
food absorbent 
liners 


200 


68 136 


30 60 


2 4 


Disposable 
diapers 


500 


49 245 


50 250 


1 5 



5 

*) SAF = superabsorbent fibers 
Table 3 
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